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(57) ABSTRACT

A control parameters adjustment method of an air condi-
tioning system has the following steps: (a) building up a
comparison table; (b) determining an objective output
power; (c¢) determining whether there is only one preferred
operation point by searching the comparison table; (d) when
there is only one preferred operation point, adjusting the
control parameters based on the preferred operation point;
(e) when there are a plurality of preferred operation points,
executing a retrieval procedure for selecting one of the
preferred operation points, and adjusting the control param-
eters based on the selected preferred operation point. The
method adjusts the control parameters according to the
comparison table for ensuring that the air conditioning
system can be operated with the minimum power consump-
tion.

4 Claims, 5 Drawing Sheets

>/40

20

41

50




U.S. Patent Sep. 20, 2016 Sheet 1 of 5 US 9,447,984 B2

L

20

FIG.1



U.S. Patent Sep. 20, 2016 Sheet 2 of 5 US 9,447,984 B2

/10

/20 CONTROLLER
COMPRESSOR
/30 /1 1
STORAGE
BLOWER ONT
12
40 -
PROCESSING
CONDENSER UNIT
FAN

FI1G.2



US 9,447,984 B2

Sheet 3 of 5

Sep. 20, 2016

U.S. Patent

S301
/

BUILDING UP A
COMPARISON TABLE

INING_ AN OBJECTIVE

M
OUTPUT POWER

DETER

/3305

\3306

\3304

FIG.3



US 9,447,984 B2

Sheet 4 of 5

Sep. 20, 2016

U.S. Patent

/,~S401

_—S402

SELECTING ONE OF THE
UNITS

S404
/

3403~\\\ i

n ©
O (@]
< ~
R
@)

w w
Lt -
&bz 502

o~ oH<E
RWME Ly <
T L Lol
—<{ RS
=50 O T
Zo0O —
e T
&) nN< <Y
zozo| | Ekis”
—oldiom WOEE
HZ000 TS
=2
ﬂ _|_|_L|_|r_ SRP
OO W< o
= <C L=z
®)
Z58 LT
7590 e
Z
DL s o T e
== < OZ
<= S
Lt 0N ZTuWly
O, =Z2=—> L—Z
LS T O
O~ WW

FIG.4A



US 9,447,984 B2

Sheet 5 of 5

Sep. 20, 2016

U.S. Patent

/-5408

CALCULATING A VARIATION OF THE
SELECTED UNIT

AND CA

OF THE UNITS

THE UNITS
VARIATION UNTIL ALL

REPEATEDLY SELECTING

FI1G. 4B



US 9,447,984 B2

1
AIR CONDITIONING SYSTEM AND
CONTROL PARAMETERS ADJUSTMENT
METHOD

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an air conditioning sys-
tem and a control parameters adjustment method of the air
conditioning system, and more particular relates to a control
parameters adjustment method for decreasing power con-
sumption of the air conditioning system.

2. Description of the Related Art

An air conditioning system is adapted for ventilating an
indoor space or adjusting temperature of the indoor space. A
conventional air conditioning system comprises a plurality
of units such as a compressor, a condenser fan, and a blower,
which are all operated according to control parameters. Each
unit has different influences to the temperature. Therefore,
adjusting control parameters of the units is an important
issue of the air conditioning system.

The conventional air conditioning system stores a table.
The table includes a relationship between the control param-
eters of the units and output powers of the air conditioning
system. In a laboratory, the units are tested by different
control parameters, and output powers corresponding to the
different control parameters are recorded for building up the
table. When a user selects a particular output power, the
conventional air conditioning system loads the control
parameters corresponding to the selected output power from
the table. Then, the conventional air conditioning system
uses the loaded control parameters for generating the par-
ticular output power.

The table does not include a relationship between the
control parameters and power consumption of the air con-
ditioning system. When the conventional air conditioning
system is applied to a device such as an electric vehicle that
is operated under a constant sum of electric energy, the
power consumption of the electric vehicle needs to be
considered carefully. Otherwise, the electric vehicle will run
out of electric energy quickly. The power consumption of the
air conditioning system is also an important issue.

SUMMARY OF THE INVENTION

An objective of the present invention is to provide an air
conditioning system and a control parameters adjustment
method of the air conditioning system. When the air con-
ditioning system is operated at a particular output power,
control parameters of the air conditioning system can be
optimized to ensure that the power consumption of the air
conditioning system is minimum. The power consumption
can be reduced by the air conditioning system.

To achieve the foregoing objective, the control parameters
adjustment method of the air conditioning system including
a plurality of units comprises the following steps:

building up a consumption comparison table, wherein the
comparison table comprises control parameters of the units,
power consumption and output power of the air conditioning
system,

determining an objective output power of the air condi-
tioning system;

determining whether there is only one preferred operation
point corresponding to the objective output power by search-
ing the comparison table;
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wherein the preferred operation point indicates the control
parameters by which the power consumption under the
determined objective output power is minimum;

when there is only one preferred operation point, adjust-
ing the control parameters of each unit based on the only one
preferred operation point; and

when there are a plurality of preferred operation points,
executing a retrieval procedure for selecting one of the
preferred operation points, and adjusting the control param-
eters of each unit based on the selected preferred operation
point.

Furthermore, to achieve the foregoing objective, the air
conditioning system comprises the units including a com-
pressor, a blower, a condenser fan, and a controller elec-
tronically connected with the compressor, the blower, and
the condenser fan. The controller controls control param-
eters of each unit of the air conditioning system. The control
parameters of the units are rotational speed of the units or the
duty cycle of the units.

The controller comprises a storage unit and a processing
unit. The storage unit stores a comparison table. The com-
parison table includes control parameters of each unit, power
consumption, and output power of the air conditioning
system.

The processing unit determines an objective output power
of'the air conditioning system, and determines whether there
is only one preferred operation point corresponding to the
objective output power by searching the comparison table.

The preferred operation point indicates the control param-
eters by which the power consumption under the determined
objective output power is minimum.

When there is only one preferred operation point corre-
sponding to the objective output power, the processing unit
adjusts the control parameters of each unit based on the
preferred operation point. When there are a plurality of
preferred operation points corresponding to the objective
output power, the processing unit further executes a retrieval
procedure for selecting a preferred operation point, and
adjusts the control parameters of each unit based on the
selected preferred operation point.

The method adjusts the control parameters of the units
according to the comparison table. Then, the air condition-
ing system can be operated under the minimum power
consumption.

When there are a plurality of preferred operation points at
the objective output power, the retrieval procedure can be
executed for selecting one of the preferred operation points.

Other objectives, advantages and novel features of the
invention will become more apparent from the following
detailed description when taken in conjunction with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram of an embodiment of an air
conditioning system of the present invention;

FIG. 2 is a block diagram of the air conditioning system
of FIG. 1,

FIG. 3 is a flow chart of a control parameters adjustment
method of the present invention;

FIGS. 4A and 4B are flow charts of a retrieval procedure
of the adjustment method of FIG. 3.

DETAILED DESCRIPTION OF THE
INVENTION

With reference to FIG. 1 and FIG. 2, the present invention
is an air conditioning system. The air conditioning system
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comprises multiple units including a controller 10, a com-
pressor 20, a four-way switching valve 21, a blower 30, an
evaporator 31, a condenser fan 40, a condenser 41, and an
expansion valve 50. The compressor 20, the blower 30, and
the condenser fan 40 are operated according to their respec-
tive control parameters. As an example, the control param-
eters of each unit include rotational speed and the duty cycle.

The controller 10 is electronically connected with the
compressor 20, the blower 30, and the condenser fan 40, and
comprises a storage unit 11 and a processing unit 12. The
storage unit 11 stores a comparison table. The comparison
table includes control parameters of each unit, output power,
and power consumption of the air conditioning system. The
processing unit 12 determines an objective output power,
and determines whether there is only one preferred operation
point corresponding to the objective output power by search-
ing the comparison table. The preferred operation point
means the optimum control parameters by which the power
consumption under the determined objective output power is
minimum. However, there may be a plurality of preferred
operation points all corresponding to the minimum power
consumption under the same determined objective output
power.

Therefore, when there is only one preferred operation
point corresponding to the objective output power, the
processing unit 12 adjusts the control parameters of each
unit based on the preferred operation point. When there are
a plurality of preferred operation points corresponding to the
same objective output power, the processing unit 12 further
executes a retrieval procedure for selecting one of the
preferred operation points, and adjusts the control param-
eters of each unit based on the selected preferred operation
point. The objective output power of the air conditioning
system is selected by a user, and the objective output power
may be different from a output power.

In the embodiment, the comparison table records different
control parameters of each unit of the air conditioning
system, and different output powers and power consump-
tions of the air conditioning system corresponding to the
different control parameters. For example, the rotation speed
of the compressor 20 is 1000 rpm, the duty cycle of the
blower 30 is 20%, and the duty cycle of the condenser fan
40 is 30%. The output power of the air conditioning system
corresponding to the foregoing control parameters is 900 w
and the power consumption is 1000 w.

The comparison table is built up by testing the units of the
air conditioning system operated under different control
parameters, and then recording the output powers and the
power consumptions of the air conditioning system corre-
sponding to the different control parameters. Therefore, the
minimum power consumption at the objective output power
can be obtained according to the consumption comparison
table.

When the processing unit 12 executes the retrieval pro-
cedure, the processing unit 12 firstly selects one of the units
and only adjusts the control parameter of the selected unit
while control parameters of other units not being selected
are maintained unchanged for adjusting the output power to
be the objective output power. When adjusting the control
parameter of the selected unit, the processing unit 12 cal-
culates a sensitive coefficient of the selected unit. The
sensitive coeflicient is calculated by firstly calculating a
difference between the control parameter of the selected unit
corresponding to the output power and the control parameter
of the selected unit corresponding to the objective output
power, and then dividing the difference by the control
parameter of the selected unit corresponding to the output
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power. If the output power cannot be adjusted to the objec-
tive output power by changing the control parameter of the
selected units, the sensitive coefficient of the selected unit is
recorded as infinity.

The sensitive coefficient is calculated by

Popjective = Peurrent

Peurrent

P_.ren: 18 the control parameter of the selected unit
corresponding to the output power, and P, ... is the
control parameter of the selected unit corresponding to the
objective output power.

The processing unit 12 then continues to calculate the
sensitive coeflicient of another unit until all the sensitive
coefficients have been calculated.

For example, the rotational speed of the compressor 20 is
1000 rpm, the duty cycle of the blower 30 is 20%, and the
duty cycle of the condenser fan 40 is 30%, which are
corresponding to the output power. When the rotational
speed of the compressor 20 is adjusted to 1100 rpm and the
duty cycles of the blower 30 and the condenser fan are
maintained at 20% and 30%, the output power of the air
conditioning system can be adjusted to the objective output
power. The sensitive coefficient of the compressor 20 is

1100 - 1000

oo % 100% = 10%.

The processing unit 12 further calculates the sensitive coef-
ficients of the blower 30 and the condenser fan 40. The
sensitive coeflicient of the blower 30 is

40 -20

x100% = 100%,

and the sensitive coeflicient of the condenser fan 40 is

50-30
X 100% = 66.7%.

When all the sensitive coefficients of the units are calcu-
lated, the processing unit 12 further selects one of the
preferred operation points and one of the units, and calcu-
lates a variation percentage of the control parameter of the
selected unit. The variation percentage of the selected unit is
calculated by

Popreferred — Peurrent

Purrent

P_.ren: 18 the control parameter of the selected unit
corresponding to the output power, and the P, .., is the
control parameter of the selected unit corresponding to the
selected preferred operation point.

Then, the processing unit 12 calculates a variation of the
selected unit by means of dividing the variation percentage
of'the selected unit by the sensitive coefficient of the selected
unit.
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The variation of the selected unit is calculated by

P

oreferred — Peurrent 1

Peurrent sensitive coefficient

The processing unit 12 then continues to calculate the
variation of another unit of the selected preferred operation
point until all the variations corresponding to the selected
preferred operation point have been calculated.

The processing unit 12 further calculates a unit variation
of the selected preferred operation point by summing up the
variations of the units.

Furthermore, the processing unit 12 repeatedly selects
another one of the preferred operation points, and calculates
its unit variations until all the unit variations of the preferred
operation points are obtained, and selects the preferred
operation point with the minimum unit variation.

The output power and the objective output power will be
changed. Therefore, the sensitive coeflicient needs to be
calculated again when the output power or the objective
output power is different.

The retrieval procedure can select a preferred operation
point for stabilizing the air conditioning when the control
parameters of the units of the air conditioning system are
changing.

Furthermore, the air conditioning system of the present
invention can predetermine whether there is only one pre-
ferred operation point at each objective operation point
based on the comparison table. When a plurality of preferred
operation points at an objective output power is predeter-
mined, the processing unit 12 can execute the retrieval
procedure for preselecting one of the preferred operation
points corresponding to the objective operation point before
the air conditioning system is operating. Then the processing
unit 12 records the selected preferred operation point in the
comparison table. Therefore, only one preferred operation
point corresponding to the objective output power can be
determined based on the comparison table.

For example, the control parameters of the units corre-
sponding to the output power are (1000, 20, 30). (1000, 20,
30) indicates that the rotation speed of the compressor 20 is
1000 rpm, the duty cycle of the blower 30 is 20%, and the
duty cycle of the condenser fan 40 is 30%. The sensitive
coefficient of the compressor 20 is 10%, the sensitive
coeflicient of the blower 30 is 100%, and the sensitive
coeflicient of the condenser fan 40 is 66.7%. The preferred
operation points corresponding to the objective output
power are (1200, 60, 50) and (1500, 30, 40). The unit
variations of each preferred operation point are:

( 1200 - 1000 1

60-20 1
oo ¢ 10%]+(

50-30 1
20 X100%]+(

30 ° 66.7%) =499

( 1500 - 1000 1

y ]+(30—20 1
1000 10%

y ] N (40 -30 1
20 100%

30 Xm] =59

The unit variation of the preferred operation point, (1200,
60, 50), is less than the preferred operation point, (1500, 30,
40). Then the preferred operation point with the minimum
unit variation, (1200, 60, 50), is selected according to the
retrieval procedure for stabilizing the air conditioning sys-
tem.
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In another aspect, with reference to FIG. 3, the present
invention further comprises a control parameters adjustment
method of the air conditioning system. The adjustment
method comprises the following steps:

building up a comparison table, wherein the comparison
table comprises control parameters of the units, power
consumption and output power of an air conditioning system
(S301);

determining an objective output power of the air condi-
tioning system (S302);

determining whether there is only one preferred operation
point corresponding to the objective output power by search-
ing the comparison table (S303);

when there is only one preferred operation point, adjust-
ing the control parameters of each unit based on the only one
preferred operation point (S304); and

when there are a plurality of preferred operation points,
executing a retrieval procedure for selecting one of the
preferred operation points (S305), and adjusting the control
parameters of each unit based on the selected preferred
operation point (S306).

With reference to FIGS. 4A and 4B, the retrieval proce-
dure comprises the following steps:

selecting one of the units of the air conditioning system
(S401);

maintaining the control parameters of the units that are
not selected at their original control parameters correspond-
ing to the original output power, and only adjusting the
control parameter of the selected unit (S402);

when the output power is adjusted to the objective output
power by adjusting the control parameter of the selected
unit, calculating a sensitive coefficient of the selected unit
(S403);

when the output power cannot be adjusted to the objective
output power by adjusting the control parameter of the
selected unit, recording the sensitive coefficient of the
selected unit as infinity (S404);

repeatedly selecting another one of the units and calcu-
lating its sensitive coeflicient until all the sensitive coeffi-
cients of the units are obtained (S405);

when all the sensitive coefficients of the units are
obtained, selecting one of the preferred operation points and
one of the units (S406);

calculating a variation percentage of the control parameter
of the selected unit (S407);

calculating a variation of the selected unit (S408);

repeatedly selecting another one of the units, and calcu-
lating its variation until all the variations of the units are
obtained (S409);

calculating a unit variation of the selected preferred
operation point by summing up the variations of the units
(S410);

repeatedly selecting another one of the preferred opera-
tion points, and calculating its unit variation until all the unit
variations of the preferred operation points are obtained
(S411); and

selecting the preferred operation point with the minimum
unit variation (S412).

The method selects the preferred operation point based on
the consumption table. Therefore the air conditioning sys-
tem can be operated at the minimum power consumption for
reducing electronic power consumption of the air condition-
ing system. When there are a plurality of preferred operation
points corresponding to the objective output power, the
method can select a preferred operation point according to
the retrieval procedure for stabilizing the units of the air
conditioning system.
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Even though numerous characteristics and advantages of
the present invention have been set forth in the foregoing
description, together with details of the structure and func-
tion of the invention, the disclosure is illustrative only.
Changes may be made in detail, especially in matters of
shape, size, and arrangement of parts within the principles of
the invention to the full extent indicated by the broad general
meaning of the terms in which the appended claims are
expressed.

What is claimed is:

1. A control parameters adjustment method of an air
conditioning system including a plurality of units, the
method comprising the following steps:

building up a comparison table, wherein the comparison

table comprises control parameters of the units, power
consumption and output power of the air conditioning
system,

determining an objective output power of the air condi-

tioning system;

determining whether there is only one preferred operation

point corresponding to the objective output power by
searching the comparison table, wherein the preferred
operation point indicates the control parameters by
which the power consumption under the determined
objective output power is minimum;

when there is only one preferred operation point, adjust-

ing the control parameters of each unit based on the
only one preferred operation point; and

when there are a plurality of preferred operation points,

executing a retrieval procedure for selecting one of the
preferred operation points, and adjusting the control
parameters of each unit based on the selected preferred
operation point;

wherein the retrieval procedure comprises the following

steps:

selecting one of the units of the air conditioning system;

maintaining the control parameters of the units that are

not selected at their original control parameters corre-
sponding to the original output power, and only adjust-
ing the control parameter of the selected unit;

when the output power is adjusted to the objective output

power by adjusting the control parameter of the
selected unit, calculating a sensitive coeflicient of the
selected unit;

wherein the sensitive coefficient is calculated by

Popjective = Peurrent

Purrent

wherein P_,, .. is the control parameter of the selected
unit corresponding to the output power, and P, ;. ... 18
the control parameter of the selected unit corresponding
to the objective output power;

repeatedly selecting another one of the units and calcu-
lating its sensitive coefficient until all the sensitive
coeflicients of the units are obtained; when all the
sensitive coeflicients of the units are obtained, selecting
one of the preferred operation points and one of the
units;

calculating a variation percentage of the control parameter
of the selected unit;

wherein the variation percentage of the selected unit is
calculated by
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Ppreferred = Peurrent
_—
Peurrent

wherein P_,,,.... is the control parameter of the selected
unit corresponding to the output power, and P,,,..,.; 18
the control parameter of the selected unit corresponding
to the selected preferred operation point;

calculating a variation of the selected unit;

wherein the variation is calculated by

Ppreferred = Peurrent 1

Peurrent sensitive coefficient’

repeatedly selecting another one of the units and calcu-
lating its variation until all the variations of the units are
obtained;

calculating a unit variation of the selected preferred
operation point by summing up the variations of the
units;

repeatedly selecting another one of the preferred opera-
tion points and calculating its unit variation until all the
unit variations of the preferred operation points are
obtained; and selecting the preferred operation point
with the minimum unit variation.

2. The adjustment method as claimed in claim 1, wherein
the retrieval procedure further comprises: when the output
power cannot be adjusted to the objective output power by
adjusting the control parameter of the selected unit, record-
ing the sensitive coefficient of the selected unit as infinity.

3. An air conditioning system, comprising multiple units
including a compressor, a blower, a condenser fan, and a
controller electronically connected with the compressor, the
blower and the condenser fan, wherein the controller com-
prises:

a storage unit configured to store a comparison table,
wherein the comparison table includes control param-
eters of each unit, power consumption, and output
power of the air conditioning system;

a processing unit configured to determine an objective
output power of the air conditioning system, and deter-
mine whether there is only one preferred operation
point corresponding to the objective output power by
searching the comparison table;

wherein the preferred operation point indicates the control
parameters by which the power consumption under the
determined objective output power is minimum; and

wherein the processing unit further adjusts the control
parameters of each unit based on the preferred opera-
tion point when there is only one preferred operation
point corresponding to the objective output power, or
executes a retrieval procedure for selecting a preferred
operation point and adjusts the control parameters of
each unit based on the selected preferred operation
point when there are a plurality of preferred operation
points corresponding to the objective output power;

wherein when the processing unit executes the retrieval
procedure, the processing unit selects one of the units
of the air conditioning system, and maintains the con-
trol parameters of the units that are not selected at their
original control parameters corresponding to the origi-
nal output power, and only adjusts the control param-
eter of the selected unit;

wherein the processing unit further calculates a sensitive
coeflicient of the selected unit according to the control
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parameters of the selected unit before and after adjust-
ing when the output power is adjusted to the objective
output power by adjusting the control parameter of the
selected unit;

wherein the sensitive coefficient is calculated by

Popjective = Peurrent

Peurrent

wherein P_,,...,,, 1s the control parameter of the selected
unit corresponding to the output power, and P, ., .. 1
the control parameter of the selected unit corresponding
to the objective output power;

wherein the processing unit further repeatedly selects
another one of the units and calculates its sensitive
coeflicient until all the sensitive coefficients of the units
are obtained, and selects one of the preferred operation
points and one of the units when all the sensitive
coeflicients of the units are calculated, and further
calculates a variation percentage of the control param-
eter of the selected unit according to the control param-
eters corresponding to the output power and the
selected preferred operation point;

wherein the variation percentage of the selected unit is
calculated by

Popreferred = Peurrent
—_—
Peurrent
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wherein P_,,,.... is the control parameter of the selected
unit corresponding to the output power, and P, . . is
the control parameter of the selected unit corresponding
to the selected preferred operation point;

wherein the processing unit calculates a variation of the
selected unit according to the variation percentage of
the selected unit and the sensitive coeflicient of the
selected unit, and repeatedly selects another one of the
units and calculates its variation until all the variations
of the units are obtained;

wherein the variation is calculated by

Ppreferred = Peurrent 1 )
Peurrent sensitive coefficient’

and

wherein the processing unit calculates a unit variation of
the selected preferred operation point by summing up
the variations of the units, and repeatedly selects
another one of the preferred operation points and
calculates its unit variation until all the unit variations
of the preferred operation points are obtained, and
further selects the preferred operation point with the
minimum unit variation.

4. The air conditioning system as claimed in claim 3,
wherein the processing unit records the sensitive coeflicient
of' the selected unit as infinity when the output power cannot
be adjusted to the objective output power by adjusting the
control parameter of the selected units.
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